A fill rate monitor has been developed for the NSLS storage rings to allow machine tuning over a very large dynamic range of beam current. Synchrotron light, focused on a photodiode, produces a signal proportional to the beam current. A charge balancing circuit processes the diode current, creating an output signal proportional to the current injected into the beam spot can be centered. Current from the diode runs through a double shielded cable to the electronics located in chassis 2. OPT? ring. The unit operates linearly over a dynamic range of TO CONTROL ROOM 120dB and can resolve pulses of injected beam as small as 1cw-2. 
I. INTRODUCTION
The fill rate monitor is one of the most frequently used diagnostic tools in the NSLS control room, allowing the operator to optimize injection and reduce the time between fills. Previous fill rate monitors have used signals from pickup electrodes (PUEs) or from a DC current transformer (DCCT). A tuned receiver connected to a PUE can measure very small currents, but tends to saturate with large signals. The DCCT tolerates large signals but is too noisy to resolve small changes in current. The new unit combines the best elements of the The microcontroller then reverses the polarity of SW2. SW1 closes again and integrates the photodiode current on the top plate of C1. The charge remaining on C 1 is proportional to the current injected into the ring. ,4t this point SW4 closes, resetting the charge sensitive amplifier. After SW4 opens SW3 closes to transfer the charge from C1 to C2, updating the output signal. Since C1 = 10pF and C2 = 4.7 nF the voltage gain = 2100. The output is bufferead with a differential driver and transmitted to the control room for display on a digital oscilloscope.
The OPT201[1] is a low noise photodiode and a transimpedance amplifier fabricated on the same chip. In this application it has been configured to provide a current output. SW1 and SW2 are LTC1043 [2] E T switches. C1 is made large to keep the input signals near ground. This makes the switch charge injection less than lpc', contributing less than 200pV to the output offset voltage. The ACF2101 [ 11 is a dual analog integrator also with low noise and low charge injection characteristics.
A Basic StampTM [3] microcontroller sequences the FET switches. Since the Stamp is programmed in a dialect of the Basic programming language, only 11 executable lines of code are required to produce the needed timing signals. Programs are downloaded from a I T via the parallel port.
Variables can be sent back to the PC at run time for debugging purposes, making an emulator unnecessary. The code is stored in an EEPROM so programs can be updated at any time.
PERFORMANCE
The resolution as a function of beam current is shown in figure 4 . The noise floor is given by:
Despite the increase in noise at high currents the monitor can still resolve 37ppm changes in beam current with 850mA in the ring. 
IV. CONCLUSIONS
The charge balancing technique used in this fill rate monitor allows high resolution measurements to be made over a wide range of beam current. The performance can be further enhanced by moving the unit to a beam port that sees less beam motion. Even so, it measures small changes in current much better than previous detectors, opening the possibility of using charge balancing techniques to measure beam lifetime. 
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